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INTRODUCTION 


The A703 is a linear integrated circuit designed to 
give very high available unneutralized power gainat 10.7 MHz 
and to have the capability of current mode limiting with a 
suitable choice of output load conductance. The advantages 
of current mode limiting are: 

a. The loads presented to the transformers by either the 
input or the output of the 1A703 donot change appreciably 
under any normal input signal (i.e. , up to approximately 
3 volts rms). 

b. Since there is nobreakup or phase distortion of the signal, 
no AGC is required for an FM IF amplifier. 

c. The passband characteristics of the transformer are 
unaltered during any stage of limiting. 


The performance of an IF amplifier employing current 
mode limiting is therefore characterized by a very low cap- 
ture ratio, excellent AM rejection, and the ability to accom- 
modate rapidly fluctuating signal strengths (as with a car 
radio) . 


Inthis report, the .A703 will be discussed with special 
reference to current mode limiting amplifiers for use at 
10.7 MHz. Then a design for a four-stage high-quality FM 
IF amplifier will be described in detail. 


pA703 


The » A703 is shown schematically in Fig. 1. T, and 
Ty 
tute the active RF amplifier. Ts, ” and Ts, together with 
R, and Rp, 
In the following description of the biasing of T, and Tos T, 


and T, together with T 


actas an emitter-coupled pair of transistors and consti- 
are used to provide the biasing for T, and Tos 


and T,, will be considered as per- 
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Fig. 1. Linear integrated circuit pA703. 


fectly matched pairs of transistors, This matching is achiev- 
ed because all the transistors are manufactured on a mono- 
lithic chip, whichresults in identical diffusion schedules for 
all the transistors, Also, because of the close proximity of 
the transistors contained on a chip, the tolerances in manu- 


facturing can be minimized. 
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The current through the biasing chain (Ro, Ty, and T,) 
is approximately equal tothe B+ supply minus the two emitter 
voltage drops of T, and Ts (i. e., 1.5 volts) divided by 3.3 
Kilohms. For a 12-volt supply, this current will be a little 
over 3 milliamps, Since T, and T. are identical transistors, 


3 5 


the Vor = To characteristics will be identical. Therefore, 


neglecting the base currents in Ts and T., the collector 


5? 
current of Ts is approximately equal to the current in the 
biasing chain. Due to its very high output impedance, the 
T,, acts as a current source to the identical pair of transis- 


3 


tors T, and To. In a practical amplifier, the bases of T, 


and Ty will be tied together through a transformer or choke 


so that the current defined by T, will be equally divided be- 


3 


tween T, and To. 


Thetotal current consumed by 1 A703 is approximately 
equal to twice the current through the biasing chain or four 


l and To. The function of 


Ty is to provide a sufficiently high bias voltage for T, and 


being driven into 


times the current through either T 


Tos so that there is no possibility of T3 


saturation. If T3 were driven into saturation, it would no 


1 and Ty. 


Considering the 1A703as an amplifier, the output im- 


longer act as a current source to T 


pedance of Ts appears almost infinite in value at medium to 
low frequencies, andthe base of Ty almost a short circuit to 


ground (the series resistance of T, and T, is only afew ohms). 
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Fig. 2. Practical amplifier. 


Fig. 2 shows the use of 1A703 as a high-frequency 
amplifier, The only external components are the tuned trans- 
formers plus one decoupling capacitor. The supply voltage 
will normally be chosen between about 6 to 12 volts. The 
current through transistors T, and Ty will be within these 
limits of supply voltage, approximately proportional to the 


supply voltage. If desired, the current in T, and Ty may be 


1 
increased by adding an external resistance inparallel to Ry 
or may be decreased by adding an external resistance across 


T, and Ty. (See Fig. 3.) 


* ADDITIONAL EXTERNAL RESISTANCE INCREASES CURRENT 
IN T, AND T, 


OR 


** ADDITIONAL EXTERNAL RESISTANCE DECREASES CURRENT 
INT, AND T, 


Fig. 3. Alternate No. 1 amplifier configuration. 


Another possible circuit configuration is shown in Fig. 
4. In this circuit the available power into a load is doubled, 
but the high frequency stability limited gain is decreased. 


Another disadvantage of this circuit is the non-usability of Ri. 


Fig. 4. Alternate No. 2 amplifier configuration. 


THE »A703 AS A CURRENT MODE LIMITER 


Acurrent mode limiter is onethat defines the maximum 
peak-to-peak output current independently of the load conduc- 
tance. A single transistor, FET, or tube cannot satisfy the 
above condition since, as the input signal is increased, the 
maximum downward output current swing will be the product “=” 
of: 

(V supply - V saturation) x (load conductance), limited 


primarily by the load conductance. 


The »A703, however, supplies a constant current, is 


from Ts and To. Therefore, the limiting current values of 
Tos assuming a low-output load conductance, are either 0 or 
ips no matter how large the input signal is (as long as it does 
not break down the emitter diode of T, in the reverse direc - 
tion) . The load conductance value is chosen for nonsaturat- 
ing or current-mode operation, so that the downward voltage 
swing across this load conductance never goes below the fixed 


base bias voltage on Ty. 


DETERMINATION OF OUTPUT LOAD CONDUC. 
TANCE FOR CURRENT MODE LIMITING CIRCUITS 


Ifthe input signal (sine wave) is very large in the cir- 
cuit shown in Fig. 5, the output current will be a square 
wave of peak-to-peak amplitude of “lise to+ is/2 to a trans- 
former coupledload. By Fourier analysis, this current can 


be represented by an infinite series, as follows: 


= Big Ry 
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Fig. 5. Voltage and current waveforms for the pA703 ina 
non-saturating circuit. 


The peak value of the fundamental frequency of the 
square wave has a peak value of . times the peak value of the 


square wave, 


In most RF applications the required amplifier band- 
width is narrow, and all terms other than the fundamental 
can be ignored, (FM IF transformers can be assumed to 


have negligible response at three times the IF frequency, or 


32.1 MHz and higher frequencies). The voltage occurring 
across the load conductance is therefore sinusoidal, although 


the output current from the 1A703 is a square wave. 
The maximum load conductance can now be defined by: 


(peak downward current swing) 
(Supply voltage) - (Voltage across T, and T,) 


: tive 7 
Supply Voltage - 1.5 T 


In a practical design, the load conductance should be 
increased by 50 percent because of the normal tolerances of 
the load conductance and the variation of i, from one pA703 
to another. 

3i, 
-’. Load Conductance = (Supply voltage - 1.5 
eat i = 3ma and V supply = 12 volts, the load conduc- 


tance becomes _ 3%3 


Qa. =x 10.5 = 0,273 mmho. 


NOTE: 
1. The load conductance is independent of frequency. 


2. Ifthe current i, is varied by the addition of an external 


L 
resistance between pins 1 and 5, as previously mentioned, 


the load conductance must be recalculated. 


INPUT MATCHING CONSIDERATIONS 


For optimum design in a current-mode limiting ampli- 

fier, the 1.A703 should be mismatched at the input. 
a. The input conductance of the .A703 will be primarily 
determined by her of T at low RF frequencies, The 
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Fig. 6. Large signal operation. 


hop for any transistor family will vary over a substan- 


tialrange. For the uA703, this range is from 50 to 200. 


b. The input conductance will decrease when the A703 is 
driven into limiting. This can easily be seen by con- 
sidering Fig. 6. Ifalarge positive voltage is applied to 
Ty then Ty will be switched off and the total admittance 


presented tothe emitter of T, willbe very small, there- 


1 
by decreasing the input conductance. If a large negative 


voltage is applied to T T, will be switched off and the 


1’ 
input conductance reduced. 


DESIGN OF AN FM IF AMPLIFIER 


The requirements for an FM IF amplifier design are 

as follows: 

1. Power gain greater than 85 dB 

2. Bandwidth of amplifier to be -6dBat + 120 kHz, center 
frequency; 10.7 MHztogether with a linear phase char- 
acteristic across the passband, 

3. Total harmonic distortion at 400 Hz to be less than 1 
percent with + 75 kHz deviation. 

4. Capture ratio to be as low as possible, preferably less 
than 2 dB. 


Typical"y'' parameters of the .A703 at 10.7 MHz with 
a 12-volt supply are: 


¥y, = 9-5 +j 0.8 mmho 
Yoo = 0+ j 0.23 mmho 
Yo, = -25 +j0mmho, 


Due to the very small value of Yio its value can best 
be determined by the ratio of the forward power gain to the 
reverse power gain in a carefully shielded jig. 


Ratio of forward-to-reverse power gain 


In order to realize the phase and bandpass character- 
istics of the IF amplifier, three undercoupled transformers 
(KQ ori 
Q factor) eachof whichhaving a -3 dB bandwidth of 310 kHz 


= 0.8, where k = coupling factor, and Qari = primary 


are a satisfactory compromise, 


= Bandwidth _2 Af_ 0.31 
Center frequency fy 10.7 


Ify 


Then y Ova can be obtainedfromthe standard admit- 


tance curves, providing i a = 0.8 and Poa = 1.2, 


(assuming equal primary and secondary "'Q" factors) . 


To minimize the effect of the variability of the input 
conductance of the .A703 on the Q eee of a transformer, the 
input conductance in the nominal case will be designed so 
that it will load the unloaded ''Q"” by 25 percent. The output 
conductance of the , A703 being extremely low will not affect 


the Q __. of the transformer, 
pri 


Assuming the primary and secondary unloaded ''Q''s to 


be equal, the loaded ''Q" ratio is 


no = 1.33 
sec 
but Qari Q eee = 41.5 
we Qari = 48 (loaded) 
and ©. as = 36 (loaded) 


The input conductance of the transformer with the 


secondary loaded is given by 


wens . “Q . loaded 
pri 


and Gori = the parallel conductance of the primary of the 
transformer. 
K= KO ri 
1+0.8x0.75 
Gin rs Soni ( 2 ) 


i ¢ te ot, 


=1.33G_. 
l pri 

The load conductance to be presented by the primary 

of the transformer to the output of the 1A703 has been pre- 

viously determined to be 0.273 mmho for a nonsaturating 


amplifier. 


1L.23G. 0.273 mmho 
pr 


1 


G 


pri 0. 205 mmho., 


it] 


The tuning capacitance necessary to give a Qori of 48 


with a primary conductance of 0, 216 mmho: 


Qari x 10°? x i022 
rip 


= a pF 


48 x 0,205 x 10° 
= ae aaa ial pF 
271.07 x 10 
= 146 pF. 
If both the primary and secondary windings of the 
transformer have the same number of turns and tuning 
capacitances, the secondary tap to the 1 A703 is given by: 


Q eae unloaded - Qo loaded 0.1 


n”=G.. 
pri Os unloaded 814 
: 48-36), 1 _ 
= 0. 205 a) 057 0.103 
n= 0.322. 


OUTPUT 


Fig. 7. The complete FM interstage transformer showing 
interfacing between two pA703's. 


Due tocost considerations, a value of tuning capacitance 
lower than 148 pF is preferred by coil manufacturers, An 


alternative transformer with 82-pF tuning capacitance is given 


in Fig. 8, 
2_ 82 
where " * 148 
. = 0, 745 
"p 
ns =n, x 0. 33 
= 0, 246 


POWER GAIN CALCULATION 


Assuming that the power gain of a stage will be much 


less than the maximum stable unneutralized power gain, 


You 


Yi2 


= 46.5 dB, then the effect of Yyo can be ignored, 


The total reflected conductance at the primary of the 
transformer of the loaded secondary of the transformer is 


equalto 0. 33 x 0.273 mmho, One-fourth of this conductance 


Fig. 8. Alternate interstage transformer. 


is due to the loading of the input of the uA703. Therefore, 
the reflected admittance of the input of the 4A703 at the out- 
put of the previous A703 is: 


0. 33 x 0. 273 


4 = 0.0274 mmho 


-. Power gain = 


2 
ly,| (reflected input conductance of following uA703 


14 (total load éehaucranen\™ 
_ 257 x 0.0274 
0.5 x 0.2737 
= 460 
= 26.6dB. 


Tosatisfy the power gain requirement of the amplifier, 
four stages are required; resultant power gain is therefore 
106 db. 


Fig. 8 shows the schematic of the four-stage FM IF 
amplifier. The detector is a modified ratio detector which, 
due to the excellent limiting properties of the amplifier, does 


not require the usual large electrolytic capacitor. 
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Fig. 9. Four-stage FM IF amplifier employing non-saturating limiters. 


PERFORMANCE OF THE AMPLIFIER 


The four-stage FM IF amplifier has the following per- 
formance parameters. 

Sensitivity < 50uV for full limiting 

Capture ratio<1.5 dB 

Bandwidth of detector ~ 800 kHz 

AM rejection >40 dB. 


SUMMARY 


The A703 has been described and an analysis of its 
operation as a current mode limiter given. Its application 
in an FM IF amplifier, together with a practical four-stage 
amplifier, hasalsobeenshown, Further applications include 
very high-gain, unneutralized, small-signal amplifiers up to 
200 MHz. 


The A703 should prove to be a useful and economical 
devicefortheconsumer market, based on its very high fre- 
quency power gain, the availability of current mode limiting, 
the possibility of changing its bias current by the simple 
addition of an external resistor, and its lack of complicated 


biasing and decoupling networks, 
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